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(54) METHOD OF MANUFACTURING EPITAXIAL WAFER AND EPITAXIAL WAFER 

SoBLEM°TO BE SOLVED: To provide an epitaxial wafer with intrinsic gettering 
capability of contaminant metals during device manufacturing process 
SOLUTION: First a nitrogen-doped single crystal silicon rod 1 4 .s pulled up at a 
pulling-up speed of V mm/min. so that the ratio V/G ,s in the range of 0 290 to 
S.340 mm2/min..° C, where G" C/mm is the mean value of the teniperature 
gradient in the single crystal silicon rod in the pulhng-up direction from the solid 
hquid interface between the single crystal silicon rod and a silicon melt to the 
position 10 mm away above the interface. Next, the single crystal s.hcon rod is 
cooled down from 1130° Cto 1050* C for 1 0 to 30 m,n., and from 850 C to 
650° C for 120 to 200 min. during the pulling-up of the single crystal s.l.con rod. 
Thereafter, the single crystal silicon rod is sliced into silicon wafers. Then, an 
epitaxial layer is formed on the surface of the silicon wafer. 
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(54) METHOD OF MANUFACTURING EPITAXIAL WAFER AND 
MANUFACTURED BY THE METHOD 

(57)Abstract: ... - 

PROBLEM TO BE SOLVED: To provide an epitaxial water 
with intrinsic gettering capability of contaminant metals 
during device manufacturing process. 
SOLUTION: First, a nitrogen-doped single crystal silicon rod 
14 is pulled up at a pulling-up speed of V mm/m.n so that 
the ratio V/G is in the range of 0.290 to 0.340 mm2/m.n.. C, 
where G°C/mm is the mean value of the temperature 
gradient in the single crystal silicon rod in the pull.ng-up 
direction from the solid-liquid interface between the single 
crystal silicon rod and a silicon melt to the position 10 mm 
away above the interface. Next, the single crystal silicon rod 
is cooled down from 1130°C to 1050°C for 10 to 30 m.n.. 
and from 850°C to 650°C for 120 to 200 min. during the 
pulling-up of the single crystal silicon rod. Thereafter the 
single crystal silicon rod is sliced into silicon wafers. Then, 
an epitaxial layer is formed on the surface of the silicon 
wafer. 
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* NOTICES * 

JPO and NCIPI are not responsible for W 
dLages caused by the use of this translatxon. 

l.This document has been translated by computer. So the translation may not reflect the original 

^♦♦^shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 




[Claim(s)] rrv cta1 rod which doped nitrogen is set to V (apart 

[Claim 1] The pull-up rate of the £ remperature gradient of the pull-up 

for mm/). When setting to G C^.^*^^^ ™ to lOmS even of upper parts of a 
direction in said silicon single crystal ^JM^J^J^ rod (14 ) and silicon melt (13), The 
solid-liquid interface to this interface of said silicon single crysiai roa u > 
Process pulled up at the pull-up rate V (a part for mm/) from which V/G becom* :*y0 
P 0.340mm2/, The process wh*h it is at . said J^-g^ ^oS, and cools die 
temperature requirement from 1 130 i degree it to un« minutes, The manufacture 
temperature requirement from 850 degrees C to 650 d^sCm 120 ^ ™ the front face of 

approach of an epitaxial wafer including the V^^d^mfp^^ 



[Translation done.] 



.nci... 1/4/2005 



Page i\o\ 



1 



* NOTICES * 

------------ 

Lws the word whieh ean not be treated. 
3.1n the drawings, any words are not translated. 




DETAILED DESCRIPTION 



manufacturing an epitaxial waterusmg^ ^ ^ approach . 

of a wafer is performed. increased, 

mmmmms. 

£. pSll-up toe amount **£S^35*fc* ™ «• silicon siDgle ^ 
disappearance of the atonue hole wluch 
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interface ofthesiUconsinglStal^ 

V (a part for mm/) from which V/G becomes -** ^^^iSSw^mnt from 1 130 degrees C to 
silicon single crystal rod 14 pull-up-time, ^^£3^2 degrees cTo 650 

epitaxial layer in the front face of a silicon wafer indicated bv mis claim 1, while raising the 

r£Su=^ 

concentration doped by the above-mentioned silicon -^^^^^^^ by the approach 
<5xl012-5xl014cm-3. Invention concerning claim 3 is ttie epitaxial . w ^^"~ . J 
according ; to cto 1 or 2. The epitaxial wafer indicated by this claim 3 has IG capacity of a 
contamination metal in a device production process. 

^Embodiment of the Invention] Next the gestalt of ^£%££*£ 
drawing, the 1- which pulls up the silicon wafer melt 13 in the quartz 

CZ process, and mentions the silicon single crystal rod 14 later from ^smcorn J ndition , 
crucible 12 of an opportunity 11 as shown Bltaj^ ^^SS^^ aboXnmntiooed 
this silicon single crystal rod 14 is sliced, and it ^^^°|^^ n sin L crystal rod 14 - 
silicon single crystal rod 14 • me nitroge. ^^f^^^^^JSL&m to the 
5xl012-5xl014cm-3 - it is ^^^^^^^^Z rod 14 of atomic hole / 
range of 5xl012-5xl014cm-3 ^because ^J^^^^^Su, heat history of the after 
dissolution ] did not go up but an atomic hole became ^easyto «sapp y q{ ^ 

that of the silicon single crystal rod 14 less than [j^^'J* 4 ^^ changed a lot, if 
donor related to nitrogen will increase and the resisUvity of b fror J me silicon me lt 

5xl014cm-3 are exceeded In add-on L^n wi^wSch the polycrystalline 

13 which feeds into the quartz crucible 12 the P 01 ^ 8 ™ 1 ™; , anoroach of doping nitrogen on 
silicon or the nitride with which the nitride was mixed ^™^^ P ^° od £ is performed 

towinal is the wire cable which hung toward to cento of ^™ ° f » « md ^ up _ 
crystal 26b for dipping in sihconmelt 13 in the lower "*™^J££x of the quartz crucible 12 is 
sfficon single crystal rod 14 is attached. ^SrturSerfSel ? fl* grlphite susceptor 27 is 

inertgaa is ^^^^^^S^S^^ 
chamber 24, and a gas ^"S"^-"^^™^ 'Va u connoted This gas feeding-and-discarding 
*" XT^mXSZtttt^*^ wSch g a„ end ^connecto. to 
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adjust the flow rate of the inlfgas which flows these pipes to a delivery pipe 34 and the discharge pipe 

moTm^'o^fthe pull-up conditions of the ahove 1st the pull-up rate of die silicon single 
[0010] ^™«^f m * mA When setting to G (degree C/mm) the average of the temperature 

time, and it is cooling preferably the temperature requirement from 850 degrees c to ^ aegr 
17c frlr cvmXs with which it filled up between inner-tube 17b prepared on the outer-tube 17a said 

mmmm 

_l17*£££fe StaSStSwW tod 14 which was able «o be pulled up as "enticed above 
LS ^ewpoints, such as the crystallinity, mass-production f^T^^ by ^ 

^n s^ cS £m n" fission reactor with H2 gas, and depositing the sihcoii .generated by 
£ front fece^f the above-motioned silicon wafer by the pyrolysis of matenal gas, or reduction. [ for 

SEE Asshown in drawing 2 , the silicon wafer specifically ground first 600-850 degrees C, II t holds 

snn Aroreexi C After carrying out the temperature up of the 1 100-1 15U degrees ^ oi mc j ^ « & 
clT^sl^nl^TlO^O degrees C/second in rate preferably a second to the P^tennmed 
C /ot tnis smcon wdra« &■ _ c hvdrogen pretreatment is performed at that 

___g^S«£^ssa«Ki 

. •• 1/4/2005 
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whichmepre^^^^ 

single crystal rod 14 and produced ^^^^^^"^^^^^ nucleus becomes 
epitaxial stratification as much ^P^ e f ^^fa stable precipitation-of-oxygen nucleus . 
large after the epitaxial stratification, rt was carried out at 5-20 degrees C/second in 

thermally. Moreover, the temperature ^^^^,^50 degrees C for earning a throughput 
rate to the predetermined temperature of the range of 1 0U 1 1 du aegr 

(quantity which can be processed to P CT ,^ im ^^ of a silicon wa f er where 1050-1 150 degrees C 
0015] Next, an epitaxial layer is formed ^J^^^^^ of the range of 1 100-1140 
of this silicon wafer are preferably held at Ae P^f^^^^ m pre ferably lowered at 10-20 
degrees C. 600-850 degrees C, 5-20 degrees C /of Ann flange of 750-800 degrees C, 
degrees C/second in rate a second to the V^^^^^^Zm temperature, 
and it is preferably held for 10 - 60 St from ateat treating furnace, and it cools 

Furthermore, the above-mentioned epitaxial water is picKeo for 
naturally to ordinary temperature. When tang 2^5m^Zofthe range of 1050-1 150 
forming an epitaxial layer wife few defects at th B at 5-20 degrees C/second in rate 

degrees C. Moreover, the wafer was °w«^ «^ a^^rtat^» ^ stratification. 

STbefore, Uhas IG capacity of a contamination metal in a device production process. 

E of the Invention] As stated above, according to this invention, it pulls up at f^pu^up rateV 

epiSfwrfer manufactured by the above-mentioned approach has IG capacity of a contamination 
metal also in a device production process. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the ori; 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[DrawjngJJ 
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